Cunventional designs for proton linacs use a radio frequency quadrupole (RFQ), followed by a drift-tube linac (DTL). For higher final beam energies, a coupled cavity linac (CCL) follows the DTL. A new structure, the coupled-cavity drift-tube linacl (CCDTL) combines features of an Alvarez DTL and thc CCL. Operating in a nl2 structure mode, the CCDTL replaces the DTL and part of the CCL for partiele velocities in the range 0.1:::; 0 :::; 0.5. We present a design concept for a compact Iinac using only an RFQ and a CCDTL. This machine delivers a few rnA of average beam current at a nominal energy of 70 MeV and is well suited for radioisotope production.
A compact linear accelerator is a competitivc source of beam power for the commercial production of radioisotopes. The Iinac we describe provides a beam of up to 2 rnA of protons at energies of 30,50, and 70 MeV. Linear accelerator designers try to minimize construction costs by optimizing the relative costs of the accelerating structure and the installed rf power. To first order, structure cost is proportional to length and the rf cust is proportiunal tu the square of the accelerating gradient Eo. For a given structure power,
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to the rf structure. The designer can choose from a broader range of rf power sources. We have based our design on klystron tubes operating at 433 and 1300 MHz. Both of these tubes are available in models that deliver very high peak and average powers. Only one tube at each frequency is required, so cost minimization involves making the best use of the tubes' power capabilities in the linac design. Figure 1 shows a layout uf the accelerating structures.
The 433-MHz RFQ accelerates the beam to 10 MeV. The 1300 MHz CCDTL comprises the bulk of the linac and accelerates the beam to a final energy of 70 Me V. The 1300-MHz frequency is the third harmonic of the RFQ frequency.
Each structure is powered by a single klystron rf source.
CCDTL
The length of the CCDTL, which depends upon the choice for Eo, is limited by 1) the total amount of peak power available, 2) the average beam power required, 3) the peak surface electric field, and 4) the maximum local power density on the drift tubes. Figure 2 shows the two types of cavities used in the CCDTL. At the low-energy end, cavities have two drift tubes making three accelerating gaps. Gaps within a cavity are separated by �A, where � is the relativistic CCDTL2 CCDTL3 Figure 1 . Schematic diagram of the radioisotope production accelerator.
accelerator length is inversely proportional to Eo. The rf costs are further constrained because rf power is available in quantized units of single klystron tubes. Usually, the minimum total cost occurs where the power cost equals the structure cost. A CCDTL can operate at higher frequencies than a conventional DTL because the focusing magnets are external To estimate the linac length and power requirements, we correct these values of ZT2 for the effect of the coupling slots. Each percent of coupling reduces ZT2 by about 3%. Figure 4 relates the acti ve structure length to the peak rf power required to exci te the cavities. Points for a given length correspond to the same value of Eo. The lower curve is the structure power requirement without beam. The two upper curves include the power needed to accelerate 42-mA or 84-rnA peak beam currents. For a beam duty factor of 2.4%, the corresponding average beam currents are 1 rnA and 2 rnA. . For higher values of Eo, we approach other limits. Figure  5 shows the peak surface electric field in the CCDTL versus � for Eo = 5 MV/m. The ordinate is relative to the Kilpatrick field EK, which is 32.1 MV/m at 1300 MHz. Kilpatrick made his measurements3 when clean surfaces and good vacuum were difficult to achieve. Experience has shown that we can exceed the Kilpatrick's criterion by an amount often called the "bravery factor." We typically design for peak fields up to 1.8 EK. We expect little or no sparking below this value. In a 2-drift-tube CCDTL, the peak field increases with �, reaching 1.8 EK on the drift-tube nose at � = 0.25 (31 MeV). shows that as the cells get longer with increasing �, the peak power dissipation increases. The hottest spot is at the 10ngitUl dinal midpoint of the drift tubes. Power densities increase in proportion to Eo2. The plot is for 100% duty factor (i.e. cw), so for a duty factor of 2.5%, the maximum power density is about 12.5 W/cm2 on the longest drift tube. At this power level all of the drift tubes are simple to build, easily cooled, and inexpensive. Based upon these cavity properties we have chosen to operate the CCDTL at Eo = :5 MV/m. Table 1 RF Power and Duty Factor Table 2 shows that for Eo == 5 MVlm the CCDTL is well matched to the TH2104U klystron. The design takes advantage of both the peak and average power available from this tube without exceeding safe limits for either cavity fields or power densities. To match the power requirement for 2-rnA operation to the tube we have assumed only a 9% rf control margin at full energy. We believe further cavity optimization will reduce the power requirements enough to allow a full l S % control margin within the 10 MW available. 
Conclusion
We have outlined a new design for a compact proton linear accelerator suitable for radioisotope production. A MeV.
